Introduction
============

Breast cancer (BC) has become the most common malignancy and the leading cause of cancer-specific death in women, according to GLOBOCAN 2008 estimates.[@b1-ott-6-341] With an increasing understanding of the biological behavior of BC, especially in relation to molecular-based personalized medicine for BC, the concept of BC treatment has been revolutionized, resulting in improved survival rates and quality of life.[@b2-ott-6-341]--[@b4-ott-6-341] A typical example of this increase in understanding is the pivotal role of human epidermal growth factor receptor 2 (HER2), also known as c-erbB-2 or HER2/neu, a key member of the epidermal growth factor receptor family overexpressed in approximately 20%--25% of invasive BC.[@b5-ott-6-341]--[@b8-ott-6-341] HER2-overexpression or HER2/neu gene amplification (defined as HER2 positive) has been shown in BC patients to be closely associated with the more aggressive phenotype and to be highly metastasized to regional lymph nodes and distant organs (this has been used as an indicator of poor prognosis).[@b5-ott-6-341]--[@b8-ott-6-341]

With an increasing understanding of the role of HER2 in tumor proliferation, angiogenesis, and metastasis, novel special treatment strategies for this HER2-positive subtype of BC have been validated and are increasingly used in clinical practice. One of the most important treatment strategies is to block the signal pathway of HER2/neu -- this is defined as targeted therapy. Trastuzumab (Herceptin^®^), a humanized monoclonal antibody, is a typical agent for anti-HER2 treatment and has been developed for BC treatment over the past 10 years.[@b5-ott-6-341]--[@b8-ott-6-341]

Several large clinical trials have shown that the adjuvant treatment of trastuzumab in HER2-positive BC patients resulted in a 30%--50% relative risk reduction of recurrence in adjuvant settings,[@b9-ott-6-341]--[@b11-ott-6-341] as well as an increased pathologic complete remission rate in neoadjuvant settings.[@b12-ott-6-341]--[@b16-ott-6-341] Although the HER2-targeted therapy has progressed considerably since 1998, the efficacy of trastuzumab in Chinese BC patients has rarely been reported, especially as part of a comparison with HER2-negative BC patients.

The purpose of this study was to compare the clinical outcomes of HER2-positive BC patients receiving or not receiving trastuzumab treatment and HER2-negative BC patients, in a retrospective analysis of operable BC patients in the People's Republic of China.

Patients and methods
====================

Patients and study design
-------------------------

All eligible patients were diagnosed with invasive BC and treated at Sun Yat-sen University Cancer Center, People's Republic of China, between January 2002 and July 2010. Patients were enrolled based on the following criteria: (1) the invasive BC was confirmed and classified based on the pathologic examination; (2) evaluation of hormone receptors and HER2 status; (3) complete medical records (including types of surgery and adjuvant treatments) and follow-up status; (4) no previous diagnosis and treatment of BC; (5) stage I--III prior to neoadjuvant chemotherapy or following surgery, based on the American Joint Committee on Cancer staging system (sixth edition); and (6) an Eastern Cooperative Oncology Group performance status score of 0--2. Patient characteristics are summarized in [Table 1](#t1-ott-6-341){ref-type="table"}.

To begin, 115 HER2-positive BC patients receiving trastuzumab treatment were enrolled in the study. Two groups matched in year of diagnosis, age, family history of BC, tumor size, lymph node status, cancer stage, expression of hormone receptor, amplification of HER2, and treatment (surgery, chemotherapy, endocrine treatment, or radiotherapy) were also selected: 115 case-control HER2-positive patients who did not receive trastuzumab treatment and 115 HER2-negative patients who received conventional therapy in the adjuvant setting. All patients in the study were treated with standard adjuvant chemotherapy and endocrine therapy strategies according to National Comprehensive Cancer Network guidelines. The duration of the adjuvant endocrine therapy was planned for 5 years. The cycles of chemotherapy depended on standard regimen that followed National Comprehensive Cancer Network guidelines.

This study was reviewed and approved by the Institutional Review Board of Sun Yat-sen University Cancer Center.

HER2 evaluation and treatment
-----------------------------

HER2 status was initially evaluated using immunohistochemistry (IHC). IHC results showing a 2+ HER2 level were further tested by fluorescence in situ hybridization. The patients showing a 3+ HER2 level by IHC and/or HER2/neu gene amplification by fluorescence in situ hybridization were described as being HER2-positive. The HER2-positive patients in the group that received trastuzumab received an initial dose of 8 mg/kg, followed by 6 mg/kg every 3 weeks, or an initial dose of 4 mg/kg, followed by 2 mg/kg weekly, following or concurrent with chemotherapy. The duration of trastuzumab treatment was set at 1 year. Other major treatment information, including types of surgery and adjuvant treatments (chemotherapy, radiotherapy, and endocrine therapy), was obtained from the patients' medical records. All of the patients with hormone receptor--positive BC, which can be further defined as estrogen receptor and/or progesterone receptor positive, received endocrine therapy. The patient treatment strategies are summarized in [Table 1](#t1-ott-6-341){ref-type="table"}.

Patient follow-up
-----------------

All patients in this study were on a regular follow-up schedule. The primary endpoint was disease-free survival, defined as the interval of time from the date of BC surgery to the first evidence of recurrence (local, regional, or distant) or death from any cause which came first. Median follow-up time was calculated as the median observation period for the total study population. If recurrence was not evident, patients were censored on the final follow-up date. Because the recurrence of BC commonly occurs within the 3 years following initial diagnosis, especially for HER2-positive BC patients, the authors selected 3-DFS as the primary endpoint for efficacy evaluation among the three groups in this study. The authors also divided the study period into two separate intervals, 2002--2006 and 2007--2010, to compare the efficacy shown in these different periods. The 5-year disease-free survival (5-DFS) rates among the three groups during the 2002--2006 period were also analyzed.

Statistical analysis
--------------------

Pearson's Chi-square test was used to compare clinicopathologic parameters of patients among the groups. The Kaplan-Meier method was used to determine the 3-DFS or 5-DFS probability, and the differences were assessed using the log-rank test. The multivariate Cox proportional hazard regression model was used to evaluate the independent prognostic factors. Hazard ratios with 95% confidence intervals were also obtained. All statistical analyses were performed using SPSS software, version 16.0 (SPSS Inc, Chicago, IL, USA), and a two-tailed *P*-value less than 0.05 was considered statistically significant.

Results
=======

The range of ages in the HER2-positive group was 26--71 years (median age, 46 years), and in the HER2-negative group the range was 25--70 years (median age, 46 years). The main clinicopathologic characteristics of the HER2-negative patients were well matched with those of the HER2-positive patients.

The median follow-up period was 36 months (range, 12--111 months). The median durations of follow-up for the periods 2002--2006 and 2007--2010 were 55 months (range, 37--111 months), and 25 months (range, 12--36 months) respectively. The 3-DFS was selected as the primary endpoint, with 35 local recurrences and 35 distant recurrences. The 3-DFS rates in the HER2-negative group, the HER2-positive group receiving trastuzumab treatment, and the HER2-positive group not receiving treatment were 82.6%, 89.6%, and 67.0%, respectively. There was a statistically significant difference in 3-DFS between either of the first two groups and the third group (*P* \< 0.01), but the difference between the first two groups was not statistically significant (*P* = 0.157) ([Figure 1](#f1-ott-6-341){ref-type="fig"}).

The 3-DFS rates of the three groups during two different periods (2002--2006 and 2007--2010) are illustrated in [Figure 1B and C](#f1-ott-6-341){ref-type="fig"}; the differences in 3-DFS rate among the three groups were statistically significant for both periods. Analysis showed 3-DFS rates during the period 2002--2006 were similar to those for the whole patients. The HER2-positive patients not receiving trastuzumab treatment showed a significantly lower 3-DFS rate than the other two groups (*P* \< 0.05). The difference in 3-DFS rate only achieved statistical significance between those receiving and those not receiving trastuzumab treatment within the HER2-positive groups (*P* = 0.014).

The 5-DFS rates during the period 2002--2006 were also analyzed. The 5-DFS rates in the HER2-negative group, the HER2-positive group receiving trastuzumab treatment, and the HER2-positive group not receiving trastuzumab treatment were 71.7%, 77.8%, and 48.3%, respectively ([Figure 1D](#f1-ott-6-341){ref-type="fig"}). There was a statistically significant difference in 5-DFS between either of the first two groups and the third group (*P* \< 0.05), but the difference between the first two groups was not statistically significant (*P* = 0.503).

The 3-DFS rates of the three groups were higher during the period 2007--2010 than during 2002--2006. The 3-DFS rate in the HER2-positive group not receiving trastuzumab treatment increased from 55.0% in 2002--2006 to 80.0% in 2007--2010 ([Figure 2A](#f2-ott-6-341){ref-type="fig"}). In the HER2-negative group it increased from 78.3% to 85.5% and in the HER2-positive group receiving trastuzumab treatment it increased from 82.2% to 94.3% ([Figure 2B](#f2-ott-6-341){ref-type="fig"}). However, the differences among the three groups did not achieve statistical significance (HER2-positive group not receiving trastuzumab treatment: *P* = 0.084; HER2-negative group: *P* = 0.902; HER2-positive group receiving trastuzumab treatment: *P* = 0.47).

To further explore the differences of 3-DFS among the three groups, a multivariate analysis was performed. This involved the following variables: time period, age, tumor size, tumor grade, lymph node status, hormone receptor status, surgery type, radiotherapy, endocrine therapy, and chemotherapy ([Table 2](#t2-ott-6-341){ref-type="table"}). The results of this multivariate analysis demonstrated that, among others, the significance of the three groups by HER2 status or by different treatments were predictive for 3-DFS, and the 3-DFS of the HER2-positive group receiving trastuzumab treatment was similar to that of the HER2-negative group.

Discussion
==========

Over the past 10 years, the HER2-based BC classifications have been increasingly used in treatment selection and prognosis prediction, resulting in an improved clinical outcome of BC patients.[@b5-ott-6-341]--[@b9-ott-6-341] Nevertheless, treatment efficacy should also be comprehensively evaluated in different regions in order to better understand the potential resistance and variations of HER2-targeted therapy.

The purpose of this study was to compare the clinical outcomes of HER2-positive BC patients receiving or not receiving trastuzumab treatment and HER2-negative BC patients, in a retrospective analysis of operable BC patients in the People's Republic of China. The results, as outlined, showed that the patients receiving trastuzumab obtained a significantly lower risk of HER2-positive BC cancer recurrence than the patients not receiving trastuzumab. Also, the 3-DFS and 5-DFS rates in HER2-positive patients receiving trastuzumab treatment were higher than those in HER2-negative patients receiving conventional adjuvant treatment, although the differences were not statistically significant (*P* \> 0.05).

In the present study, in multivariate analysis by 3-DFS this study showed a 68.6% reduction in risk of recurrence (hazard ratio, 0.314; 95% confidence interval, 0.159--0.619; *P* = 0.001) in the HER2-positive patients who received trastuzumab treatment when compared with the HER2-positive patients who did not receive trastuzumab treatment. This finding was consistent with the 30%--50% relative risk reduction of recurrence and death previously found in large randomized clinical trials such as BCIRG 006, HERA, N9831, and B31.[@b9-ott-6-341]--[@b12-ott-6-341]

Moreover, this study also compared outcome between HER2-positive patients receiving trastuzumab treatment and HER2-negative patients receiving conventional therapy in the adjuvant setting. The results showed a superior clinical outcome for 3-DFS in the HER2-positive group receiving trastuzumab treatment compared with that in the HER2-negative group, although the differences were not statistically significant (*P* \> 0.05) in univariate and multivariate analysis. Although there have not been any large, perspective, randomized studies to compare the prognosis between patients receiving trastuzumab treatment and HER2-negative patients, there have been some small clinical studies that support the results of the present study. For example, the NOAH trial compared the event-free rates of 99 HER2-negative patients with those of HER2-positive patients who either did or did not receive trastuzumab treatment, and the results showed that the event-free rate did not differ between HER2-positive patients receiving trastuzumab treatment and HER2-negative patients.[@b14-ott-6-341] Another study showed that HER2-positive BC patients receiving trastuzumab treatment had higher survival rates than HER2-negative BC patients.[@b21-ott-6-341]

The authors acknowledge this study has some limitations. First, this study had a small sample size, a retrospective nature, and a short-term follow-up period; a larger, randomized, and prospective study with long-term follow-up should be considered for the future. Second, although the clinicopathologic characteristics of the BC patients in this study were well matched, minimizing the heterogeneities among three groups, there were many other factors such as chemotherapy regimen and the individual economic and social status of patients that could possibly have interfered with the results.

Conclusion
==========

In summary, the authors evaluated the efficacy of trastuzumab in Chinese HER2-positive BC patients. Not only did this study further confirm the efficacy of trastuzumab therapy in operable HER2-positive BC but also it demonstrated the comparability of 3-DFS and 5-DFS rates between HER2-positive patients receiving trastuzumab treatment and HER2-negative patients receiving conventional adjuvant therapies. From the results of this study, the authors suggest that the prognosis of HER2-positive BC patients receiving trastuzumab is comparable to that of HER2 negative BC patients.
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![(A) 3-year DFS during the whole period studied, 2002--2010; (B) 3-year DFS during the period studied, 2002--2006; (C) 3-year DFS during the period studied, 2007--2010; (D) 5-year DFS among three groups during the period studied, 2002--2006.](ott-6-341f1){#f1-ott-6-341}

![Analysis of 3-year disease-free survival rates between the periods 2002--2006 and 2007--2010 in human epidermal growth factor receptor 2--positive groups (A) not receiving trastuzumab; (B) receiving trastuzumab treatment.](ott-6-341f2){#f2-ott-6-341}

###### 

Baseline clinical and pathologic characteristics of patients

  Characteristic                                 HER2-negative patients[a](#tfn2-ott-6-341){ref-type="table-fn"} \[n (%)\]   HER2-positive patients   *P*-value    
  ---------------------------------------------- --------------------------------------------------------------------------- ------------------------ ------------ -------
  Age (years)                                                                                                                                                      
   ≤50                                           74 (64.3)                                                                   74 (64.3)                73 (64.1)    0.987
   \>50                                          41 (35.7)                                                                   41 (35.7)                42 (35.9)    
  Tumor size                                                                                                                                                       
   T1[b](#tfn3-ott-6-341){ref-type="table-fn"}   31 (27.0)                                                                   46 (40.0)                34 (29.6)    0.033
   T2[c](#tfn4-ott-6-341){ref-type="table-fn"}   76 (66.1)                                                                   59 (51.3)                63 (54.8)    
   T3[d](#tfn5-ott-6-341){ref-type="table-fn"}   8 (7.0)                                                                     10 (8.7)                 18 (15.7)    
  Tumor grade                                                                                                                                                      
   1                                             14 (12.2)                                                                   17 (14.8)                11 (9.6)     0.767
   2                                             73 (63.5)                                                                   74 (64.3)                75 (65.2)    
   3                                             28 (24.3)                                                                   24 (20.9)                29 (25.2)    
  Lymph node status                                                                                                                                                
   0                                             46 (40.0)                                                                   46 (40.0)                37 (32.2)    0.793
   1--3                                          32 (27.8)                                                                   32 (27.8)                41 (35.7)    
   4--9                                          24 (20.9)                                                                   24 (20.9)                26 (22.6)    
   \>9                                           13 (11.3)                                                                   13 (11.3)                11 (9.6)     
  HR status                                                                                                                                                        
   Positive                                      72 (62.6)                                                                   70 (60.9)                69 (60.0)    0.918
   Negative                                      43 (37.4)                                                                   45 (39.1)                46 (40.0)    
  Surgery type                                                                                                                                                     
   Mastectomy                                    104 (90.4)                                                                  107 (93.0)               106 (91.9)   0.762
   Lumpectomy                                    11 (9.6)                                                                    8 (7.0)                  9 (8.1)      
  Radiotherapy                                                                                                                                                     
   Yes                                           34 (29.6)                                                                   54 (47.0)                36 (31.3)    0.01
   No                                            81 (70.4)                                                                   61 (53.0)                79 (68.7)    
  Endocrine therapy                                                                                                                                                
   Yes                                           72 (62.6)                                                                   70 (60.9)                69 (60.0)    0.918
   No                                            43 (37.4)                                                                   45 (39.1)                46 (40.0)    
  Chemotherapy                                                                                                                                                     
   Yes                                           106 (92.2)                                                                  113 (98.3)               105 (91.3)   0.056
   No                                            9 (7.8)                                                                     2 (1.7)                  10 (8.7)     
  Chemotherapy regimen                                                                                                                                             0.998
   CMF                                           6 (5.2)                                                                     7 (6.1)                  6 (5.2)      --
   TC                                            8 (7.0)                                                                     10 (8.7)                 7 (6.1)      --
   CAF                                           28 (24.3)                                                                   31 (27.0)                29 (25.2)    --
   AC-T/TAC                                      64 (55.7)                                                                   65 (56.5)                63 (54.8)    --

**Notes:**

n = 115;

tumor is not larger than 2 cm;

tumor is larger than 2 cm but not larger than 5 cm;

tumor is larger than 5 cm.

**Abbreviations:** HER2, human epidermal growth factor receptor 2; HR, hormone receptor; CMF, cyclophosphamide, methotrexate, and fluorouracil; TC, docetaxel and cyclophosphamide; CAF, cyclophosphamide, doxorubicin, and fluorouracil; AC-T, doxorubicin and cylophosphamide followed by paclitaxel; TAC, docetaxel, doxorubicin, and cyclophosphamide.

###### 

Multivariate analysis of 3-year disease-free survival

  Item                                            Hazard ratio (95% CI)                                 *P*-value
  ----------------------------------------------- ----------------------------------------------------- -----------
  Total study population                          --                                                    0.001
  HER2-negative group                             Reference[\*](#tfn8-ott-6-341){ref-type="table-fn"}   --
  HER2-positive group not receiving trastuzumab   1.976 (1.133--3.445)                                  0.016
  HER2-positive group receiving trastuzumab       0.620 (0.299--1.286)                                  0.199
  Age                                             1.249 (0.744--2.097)                                  0.399
  Tumor size                                      1.341 (0.901--1.996)                                  0.148
  Tumor grade                                     2.031 (1.227--3.361)                                  0.006
  Hormone receptors                               0.461 (0.280--0.760)                                  0.002
  Lymph nodes                                     1.415 (1.061--1.888)                                  0.018
  Time periods                                    1.089 (0.633--1.872)                                  0.759
  Radiotherapy                                    0.843 (0.470--1.511)                                  0.567
  Surgery                                         1.033 (0.437--2.437)                                  0.942
  Chemotherapy                                    0.588 (0.238--1.455)                                  0.251

**Note:**

HER2-negative used as reference state in multivariate analysis.

**Abbreviations:** CI, confidence interval; HER2, human epidermal growth factor receptor 2.
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